In a serological study of strains of Clostridium sporogenes, Mandia and Bruner-showed that identification of proteolytic clostridia was possible by means of antigenic formulas based on the reactions of the heat-labile antigens. Of the 2S Cl. sporogenes strains which they studied, 18 formed a homogenous serological group and were referred to as group I of the proteolytic clostridia. Three strains designated as Cl. sporogenes formed a second group with a strain of Clostridium parabotulinum. When a number of strains of Cl. parabotulinum and related organisms were included in the study, all reacted as members of the second group! This group was then referred to as serological group II of the proteolytic clostridia. A strain designated as Cl. sporogenes did not fall into either groups I or II, but showed, however, an agglutinative relationship to a strain of Clostridium histolyticum. When 13 strains of Cl. histolyticum were included in the study, they demonstrated none of the 12 previously determined antigenic factors possessed by organisms of groups I and II and they comprised a third homogenous serological group of the proteolytic clostridia, group lIP Serological identification of representatives of these three species was Received for publication November 15, 1954. The investigation reported in this paper is in connection with a project of the Kentucky Agricultural Experiment Station and is published by permission of the Director. 
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based upon the production of a floccular H type agglutination. The proteolytic clostridia, however, apparently demonstrate three types of agglutinatiorr': (1) a floccular (H type) agglutination occurring with motile strains after 1 hour incubation at 50 C; (2) a coarsely granular heat-labile somatic type of agglutination occurring with motile and nonmotile strains after 3 hours incubation at 50 C (with motile strains this type of agglutination remains after the H floccules have been resuspended); (3) a finely granular heat-stable somatic type of agglutination occurring after 24 hours incubation at room temperature.
The heat-labile somatic antigen of the proteolytic clostridia may be spoken of as the L antigen and the heat-stable antigen as the 0 antigen in accordance with the terminology of Henderson." He found the two somatic antigens to be serologically distinct in the nonmotile species Clostridium welchii, the L antigen producing a coarsely granular and the 0 antigen a finely granular agglutination, both types appearing after 4 hours of incubation at 43 to 45 C. It appears that the Land 0 antigens of the proteolytic clostridia are species-specific, while the H antigen is type-specific. Four strains identified as Cl. parabotulinum were studied, however, which possessed the Land H antigens (assigned factors Sand 6, respectively) of Cl. parabotulinum and the 0 antigen (assigned the group Roman numeral factor III) of Cl. histolyticum. 4 The significance of this antigenic crossing be-tween two distinct species of proteolytic clostridia at present is not understood.
In the serological identification of proteolytic clostridia those organisms considered strains of Cl. sporogenes which do not react in the antiserums to anyone of the groups I (Cl. sporogenes), II (Cl. parabotulinum) The purpose of this investigation was to study the antigenic structure of proteolytic strain 5-17 designated Cl. sporegenes, and strains of Cl. tetani and, if possible, to determine their position within the serological schema for proteolytic clostridia.
MATERIALS AND METHODS
According to Smith," strain S-17 (Cl. sporogenes) was isolated in the following manner: Tubes of chopped meat with 1% glucose were inoculated with small samples (0.5 to 1 g) of soil, heated in a boiling water bath for a few minutes, and incubated overnight. About 0.5 ml of supernatant fluids was injected intramuscularly into guinea pigs, which died within 24 to 48 hours. Blood plates were streaked from infected muscle at some distance from the site of injection incubated anaerobically for 2 days, and medusa head colonies typical of the species Cl. sporogenes were selected for study. Cultures from these colonies were actively proteolytic, motile, fermented glucose and maltose and were nontoxic. The purpose of the experiment was to isolate strains of Cl. sporogenes which invaded muscular tissue.
Sixteen strains of Cl. tetani were studied. These strains were obtained through the courtesy of Miss Janet Gunnison. The strains were labelled according to type. Strain 1 was labelled type I; strain 2, type II; strains 3, 4 and 5, type III; strain 6, type IV; strains 7, 8 and 9, type V; strain 10, type VI; strain 11, type VII; strains 12, 13 and 14, type VIII; strains 15 and 16, type IX. Strains of Cl. sporogenes 291 (group I), Cl. parabotulinum 455 (group II) and Cl. histolyticum H-13 (group III), representative of each of the three serological groups of the proteolytic clostridia, were included in the study. The sixteen strains of Cl. tetani were cultured in brain liver heart semisolid medium for 48 hours and plated on liver veal agar. A layer of agar approximately 2 mm thick was poured over each streaked plate in order to eliminate spreading and to obtain discrete colony formation. The subsurface colonies formed after 48 hours incubation in a Brewer hydrogen jar were woolly in appearance. Single colonies of each strain were picked into brain liver heart semisolid medium and incubated 48 hours and replated. After three successive platings and colony selection, the final organism obtained for each strain was the stock culture employed in these studies.
The 16 the typical biochemical, cultural and toxigenic characteristics described for the species. That is, they were motile except for strain 10, which was nonmotile type VI; fermented no sugars; produced indol and H 2S; liquefied gelatin, and upon intramuscular injection of guinea pigs, they produced tetanospasms followed by death within 48 hours. The proteolytic activity of the Ct. tetani strains was investigated in coagulated egg-albumen, blood serum, milk and egg-meat medium. Slight growth occurred but evidence of proteolysis was absent in tubes incubated without the use of special apparatus. Heavier growth and proteolysis was apparent in tubes incubated in a Brewer hydrogen jar after 15 to 30 days. In an attempt to obtain evidence of proteolysis of strains of Ct. tetani cultivated without the use of special apparatus, powdered reduced iron was added to the protein mediums. Hastings and MeCoy" found that added powdered reduced iron greatly improved milk as a medium for cultivation of anaerobes. The proteolytic activity of the Ct. tetani strains in these mediums with iron incubated aerobically, was greater than that shown in the same medium without iron in a Brewer jar. Apparent digestion in each medium became visible after 7 to 10 days incubation at 37 C. The proteolytic acitvity of Ct. sporogenes 291, Ct. parabotuiinum 455, Ct. histolyticum H-13 and Ct. sporogenes S-17 in the iron-protein medium was greater than that of Ct. tetani. The former species produced almost complete digestion of the ironprotein mediums after 7 to 10 days incubation. In order to obtain cellular suspensions of the Ct. tetani strains and Ct. sporogenes S-17 with a maximum development of the flagellar H antigen, a semisolid medium was inoculated with each strain; incubated for 48 hours, and 1 ml of the actively motile organism at the base of the tubes was pipetted into flasks containing 400 ml of horse meat infusion broth.' After 24 hours incubation the broth cultures were formolized to a concentration of 0.4%. These formolized whole broth cultures of the 16 Ct. tetani strains were the heat-labile antigens used in the agglutination tests and for the preparation of antiserums. Similar broth cultures heat-killed at 100 C for 2 hours and formolized as employed in previous studies.t-! produced autoagglutinable heat-stable antigenic suspensions of the Ct. tetani strains. It was found that by separating the heated CZ. tetani cells from the broth culture by centrifugation and resuspending in 100 ml of 0.4% formolized saline, stable heated cellular suspensions were obtained.
This method of preparing the heat-stable anti- by injection of rabbits according to the method previously described.' All cellular suspensions used in the preparation of antigens and antiserums were first checked microscopically for the degree of sporulation. In all preparations the presence of spores or sporeforms was rare or entirely absent. The serological behavior of these antigenic suspensions, therefore, was considered due to that of the vegetative cells.
RESULTS
In the study of the heat-labile antigens, the formolized whole broth cultures were tested at dilutions of 1: 20 to 1 :5000 of antiserums. After 1 hour incubation at 50 C the tubes were read for H agglutination and then they were incubated further for 2 hours and read again for L agglutination. In tubes containing both Hand L types, the L agglutination was distinguished from H agglutination by gentle shaking which resuspended the H floccules and left the coarsely granular L clumps intact.
In general, the specific heat-labile component in the 8 motile types of Ct. tctani produced high titers (1: 1000 to 1: 2000) and floccular H agglutination, while a group component produced low titers (1: 20 to 1: 500) and coarsely granular L agglutination ( The absorption of the antiserums to strains representing types II, IV and V by cells of strain 3, type III, and the absorption of the antiserum to strain 3, type III, by cells of strains representing types II, IV and V removed a group factor assigned numeral 15 (next in sequence in the serological schema) and left specific factors assigned numerals 16, 17, 18, and 19 for types II, III, IV, and V, respectively (table 2) . Similarly, the absorption of the antiserums to types VI, VII, VIII and IX by cells of type I and the absorption of the type I antiserum by cells of each of the types VI, VII, VIII and IX removed a group factor assigned numeral 20; left specific factors 21 and 22 for types I and VII, respectively, and left a subgroup factor 23 common to types VIII and IX. Reciprocal absorption showed that types VIII and IX possessed specific factors assigned 24 and 25, respectively. After absorption there was no specific factor left in the antiserum to the nonmotile type VI.
The heat-labile antigenic factors were determined for Ct. sporogenes S-17, as shown in table 3. The heat-labile component of Ct. sporogenes S-17 was related to that found in the group made up of Ct. tetani types II, III, IV and V. The absorption of the antiserum to Ct. sporogenes S-17 by cells of Ct. tetani (strain 3) type III removed the heatlabile Ct. tetani group factor 15 and left a specific factor for S-17 assigned 26. The absorption of the antiserum to Ct. CI. tetani strains at titers of 1: 200 to 1 : 1000. I t appeared that all of these strains possessed a heat-stable antigenic factor in common but this factor was only slightly represented in the agglutinin titers of the antiserums to strains 291, 455 and H-13 and better represented in the agglutinin titers of the antiserums to strain S-17 and the Cl. tetani strains. When antiserums were prepared for the heat-stable antigens of strains 291, 455 and H-13 in the same manner as for strain S-17 and the Cl. tetani strains, that is, from heat-stable antigens made from formolized saline suspensions of heated cells rather than from heated 24-hour broth cultures, they demonstrated a stronger common agglutinin factor giving titers above dilution 1: 100. Accordingly, similar formolized saline suspensions of heated cells were prepared for 32 group I, 30 group II, and 13 group III strains and tested in these new antiserums.
All organisms studied representa- over, strain S-17, like proteolytic clostridia which are recognized as distinct species, possesses the common factor IV and a specific factor (VI) for itself; accordingly, it should be considered as a representative of a species distinct from either Cl. sporogenes, Cl. para botulinum, Cl. histolyticum or Cl. tetani.
It is apparent that the primary serological groupings of proteolytic clostridia should be based upon the reaction of the heat-stable antigen. Therefore, according to the system used in Salmonella typing and recommended in the International Code of Nomenclature, it is proposed to assign the alphabetic letters A, Band C to the three primary serological groups of proteolytic clostridia, replacing Roman numeral I, II and III, respectively, as used in earlier papers.l"! Also, it is proposed to include representatives of the species Cl. tetani within the serological schema as a new group D, and strain S-17 in another group, E, as a representative of a yet unrecognized species which is apparently the common factor assigned Roman numeral IV and left factor I specific for the group I strains. Similarly, the absorption of the antiserum to strain 455 by cells of strain 291 removed the common factor IV and left factor II specific for group II strains. The factor III specific for group III strains was demonstrated by the absorption of the antiserum to strain H-13 by heated cells of strain 455. The absorption of the antiserum to Cl. tetani strain 3 (type III) by heated cells of strain 455 removed the common factor IV and left a factor assigned V specific for the strains of Cl. tetani. The absorption of the antiserum to strain S-17 by heated cells of strain 455 removed the common factor IV and left a specific factor for strain S-17 assigned VI. Apparently, in addition to speciesspecific antigenic factors, as determined in a previous study," heated cells of representatives of groups I, II and III of the proteolytic clostridia also possess a common factor labelled IV. Sixteen strains of Cl. tetani and strain S-17 designated Cl. sporogenes possessed the factor IV and specific factors labelled V and VI. Based upon the reactions of the heat-stable antigens, it appears that the various species of proteolytic clostridia actually are very closely related. More-
